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1. Introduction
In RAN2#115 emeeting, the following agreements are achieved for inter-cell beam management:
· FFS whether common framework is feasible to support both “inter-cell beam management” and “inter-cell multi-TRP” considering differences/similarities between two operations.
· R2 assumes at least TCI state information is required for TRP with different PCI. 
· R2 further discuss RRC parameters based on RAN1 RRC parameters andor R1 reply LS. 
· At R2 115-e the following RRC models is/were on the table: Option 1: Cell, Option 2: BWP, Option 3: beam resource (e.g. TCI state, QCL-info), Option 4: new structure (on high level similar to either of the other options)
Among those agreements, there are two FFS are waiting for the further discussion, one is the framework difference for both inter-cell beam management and inter-cell mTRP, the other one is the RRC model for inter-cell beam management. For improving these two issues, RAN2 has sent an LS to RAN1 for acquiring some necessary information.
Before the tdoc deadline for RAN2 meeting , the LS reply from RAN1 is endorsed which is put in Annex of this contribution.
The intention of this contribution is to share our views on the left issues based on obtained information from the LS reply of RAN1 from RAN1.
2. [bookmark: _Toc12718547]Discussion
The difference framework for inter-cell BM and inter-cell mTRP
For this issue, in the reply LS, RAN1 have answered the key different features about the inter-cell mTRP and inter-cell BM via the following QA:
	Question 1: RAN2 notes that WI objective 1 states " The same beam measurement/reporting mechanism will be reused for inter-cell mTRP "). RAN2 would like to understand if the entire inter-cell BM is also applicable to inter-cell mTRP? If not, which part is not applicable to mTRP and how does that work?

Answer 1: Rel17 Inter-cell BM and inter-cell mTRP have common points but they are not entirely the same. The common and different points are as follows: they both use the same beam measurement/reporting mechanisms but they have different TCI signaling framework (beam indication) as inter-cell BM is based on Rel17 unified TCI while inter-cell mTRP is based on Rel15/16 TCI framework. For inter-cell BM, UE assumes that the UE-dedicated channels/RSs can be switched to a TRP with different PCI according to DCI/MAC-CE based unified TCI update; for inter-cell mTRP, UE assumes mDCI-mTRP based multi-PDSCH reception.

***************************************************************************************************************************
h) Simultaneous Tx/Rx from and to “serving cell TRP” and “TRP with different PCI”: Is it correct understanding that such simultaneous Tx/Rx is not supported for “inter-cell beam management”, but is supported for “inter-cell mTRP”? If so, what is the difference regarding their configuration that needs to be introduced by RAN2?

Answer 2.h: It is correct understanding that simultaneous Rx in DL is not supported for inter-cell BM but supported for inter-cell mTRP, while simultaneous Tx in UL is not supported for both. From configuration perspective, regarding the last question, inter-cell BM will be supported based on the unified TCI framework to be introduced in Rel-17 so relevant Rel-17 TCI configuration parameters will be required to enable this feature. Meanwhile inter-cell mTRP feature is to extend Rel-16 multi-DCI mTRP functionality to TRPs with different PCI so that its configuration parameters will be same or similar to those defined for Rel-16 multi-DCI mTRP operation. 



In short, according to above information, the framework for the inter-cell BM is R17 unified TCI framework while inter-cell mTRP uses the R15/R16 legacy TCI framework. For simply understanding, the following table can be referred a general comparing between inter-cell BM and inter-cell mTRP:
Table 1: The comparing between inter-cell beam management and inter-cell mTRP according to the Reply LS
	
	Framework
	DL
	UL
	DL/UL

	Inter-Cell BM
	R17 unified TCI framework
	· DL for one CC/BWP is associated with ONE TRP at one time.
	UL for one CC/BWP is associated with only one TRP at one time, the TRP can be from either serving cell or non-serving cell
	No restriction of TCI states between DL/UL.

	Inter-Cell mTRP
	R15-R16 legacy TCI Framework (i.e mPDCCH mTRP)
	· DL for one CC/BWP can be associated with MULTIPLE TRPs simultaneously.
	UL for one CC/BWP is associated with only one TRP at one time as legacy
	No restriction of TCI states between DL/UL.



According to the information list in table.1, apart from the framework, we can obtain the main difference of UE behavior between inter-cell BM and inter-cell mTRP is the DL for UE-dedicated channels.
Observation 1: According to the Reply LS from RAN1, the framework between inter-cell beam management and inter-cell mTRP is not the same, the inter-cell beam management use the R17 unified TCI framework while the inter-cell mTRP reuse the legacy R15/R16 TCI framework. In addition, inter-cell mTRP is mostly like an enhancement of  mPDCCH mTRP in R16 while the DL for UE dedicated channel with inter-cell beam management is only associated with a TRP from either serving cell or non-serving cell at one time.  

RRC modeling for inter-cell beam management
During RAN2 discussion, for the inter-cell beam management, there are 4 RRC models on the table:
· 1: Cell
· 2: BWP
· 3: Beam Resource
· 4: New Structure
For the cell-like RRC model, there is a ‘cell’ , sometime maybe a virtual cell, in this cell configuration, one TCI resource pool is included where all the TCI element may be associated with a same or different PCIs, when UE switch into the cell by reception of a signal, beam switching is performed as well.
For the BWP-like model, the TRP configuration pool is configured into one BWP where all the TCI elements may be associated with a same or different PCIs, when UE switch into the BWP by reception of signal, beam switching is performed as well.
For the beam resource structure, which is mostly like the current beam resource structure, the TCI state resources pool is configured in the PDSCH configuration for each BWP/CC, and the beam switch is performed by the combination of MAC CE and DCI.
New structure, according to the [1], it will introduce a new serving cell level IE and including the TCI states information, this is more or less similar with the cell-like structure.
According to the first part, the inter-cell beam management is determined to use a new RRC framework - R17 unified TCI framework, regarding this framework, RAN 1 have concluded below:
	Agreement
On Rel.17 unified TCI framework, confirm the following working assumption as an agreement with a minor refinement highlighted in red 
For common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of [configured] CCs/BWPs: 
· RRC-configured TCI state pool(s) can be configured in the PDSCH configuration (PDSCH-Config) for each BWP/CC as in Rel-15/16
· Note: Such RRC-configured TCI state pool(s) configuration doesn’t imply that separate DL/UL TCI state pool is excluded or supported
· RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC, and replaced with a reference to RRC-configured TCI state pool(s) in a reference BWP/CC
· In the PDSCH configuration (PDSCH-Config) of the reference BWP/CC, RRC-configured TCI state pool(s) shall be configured
· For a BWP/CC where the PDSCH configuration contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC, the UE applies the RRC-configured TCI state pool(s) in the reference BWP/CC
· When the BWP/CC ID (i.e. bwp-Id or cell) for QCL-Type A/D source RS in a QCL-Info of the TCI state is absent, the UE assumes that QCL-Type A/D source RS is in the BWP/CC to which the TCI state applies
· Introduce a UE capability to report maximum number of TCI state pools it can support across BWPs and CCs in a band, and the candidate value at least includes 1
· FFS: Introduce a UE capability to report maximum number of configured TCI states that it can support across BWPs and CCs in a band
· FFS: How to define reference BWP/CC


According to the RAN1 conclusion, we can obtain the following information:
The TCI states pool can be configured in
· The PDSCH-Config for each BWP/CC as legacy
· The PDSCH-Config in one reference BWP/CC
According to above information, the TCI states for a CC/BWPs can be from the TCI state pool from a reference BWP/CC. With this logic, the BWP-like modeling and cell-like modeling are excluded since the TCI states pool can be configured in one reference BWP/CC, UE can use the beam from the TCI states pool of a reference BWP/CC without switching of BWP/CC.
Regarding the new structure, using a new cell-level IE, we would like to point out, in RAN1 agreement, the BWP/CC means the actual BWP/CC in the serving cell, not virtual or something else, so the new structure is excluded either. Therefore the only left modeling is Beam resource modeling which is similar with R15/R16.
[bookmark: _GoBack]Proposal 1: From RAN2 point of view, RRC models of inter-cell beam management is like beam resource (e.g TCI states, QCL info) which can be configured in PDSCH-Config for each BWP/CC or a reference BWP/CC.   
3. Conclusion and proposals 
With the above analysis, we have the following conclusions and proposals:
Observation 1: According to the Reply LS from RAN1, the framework between inter-cell beam management and inter-cell mTRP is not the same, the inter-cell beam management use the R17 unified TCI framework while the inter-cell mTRP reuse the legacy R15/R16 TCI framework. In addition, inter-cell mTRP is mostly like an enhancement of  mPDCCH mTRP in R16 while the DL for UE dedicated channel with inter-cell beam management is only associated with a TRP from either serving cell or non-serving cell at one time.
Proposal 1: From RAN2 point of view, RRC models of inter-cell beam management is like beam resource (e.g TCI states, QCL info) which can be configured in PDSCH-Config for each BWP/CC or a reference BWP/CC.   
4. References
[1] LS reply to RAN2 for inter-cell beam management
[2] Chair's Notes RAN1#106-e
5. Annex
1. Overall Description
RAN1 would like to thank RAN2 for the questions related to inter-cell beam management and multi-TRP in Rel-17. RAN1 provides the following answers. 
	Question 1: RAN2 notes that WI objective 1 states " The same beam measurement/reporting mechanism will be reused for inter-cell mTRP "). RAN2 would like to understand if the entire inter-cell BM is also applicable to inter-cell mTRP? If not, which part is not applicable to mTRP and how does that work?

Answer 1: Rel17 Inter-cell BM and inter-cell mTRP have common points but they are not entirely the same. The common and different points are as follows: they both use the same beam measurement/reporting mechanisms but they have different TCI signaling framework (beam indication) as inter-cell BM is based on Rel17 unified TCI while inter-cell mTRP is based on Rel15/16 TCI framework. For inter-cell BM, UE assumes that the UE-dedicated channels/RSs can be switched to a TRP with different PCI according to DCI/MAC-CE based unified TCI update; for inter-cell mTRP, UE assumes mDCI-mTRPbased multi-PDSCH reception.

Question 2: The WI states that "For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done)". Then, when the UE is configured to use both serving cell TRP and TRP with different PCI, RAN2 would like to understand the corresponding behaviour for: 

a) UL and DL: Are UL and DL always processed at the same TRP or can the UE use e.g. serving cell TRP for UL transmissions and TRP with different PCI for DL reception or vice-versa?

Answer 2.a: For inter-cell BM, there are two beam indication modes. One mode is called joint TCI, where DL and UL beams are always same. The other mode is called separate TCI, where DL and UL TCIs are independently indicated. For the separate TCI mode, RAN1 has not agreed to introduce such restriction that DL and UL beams should not be set to different TRPs with different PCIs.

b) System information and short message (e.g. paging): If UE is receiving DL data from TRP with different PCI on dedicated channels, is the UE still able to receive short message (e.g. paging) and system information  from serving cell TRP at the same time?

Answer 2.b: The system information [and paging] for inter-cell beam management can be only received from the serving cell TRP. 
With respect to the paging/short messages for inter-cell beam management, RAN1 is currently discussing this issue.


c) SSB reception: is the UE able to always receive CD-SSB from serving cell TRP when needed and is there any impact to RRM measurements of serving or neighbour cells?

Answer 2.c: The UE is always able to receive CD-SSB from serving cell TRP. There is no impact on RRM measurements of serving or neighbour cells.


d) Number of TRPs: Is the number of TRPs involved in the operation restricted to two (i.e. serving cell TRP and TRP with different PCI? Are there any restrictions on TRPs from which UE may send/receive data, or TRPs from which the UE is assumed to be able to make L1 measurements?

Answer 2.d: RAN1 is still discussing the maximum number of RRC configured PCIs different from the serving cell for TCI beam indication, measurement and reporting and has made the following agreements:

Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, NMAX (the maximum number of RRC-configured PCIs different from the serving cell for measurement/reporting) is up to UE capability with candidate values of at least 1 and X.
· Note: The upper bound for X as agreed in AI 8.1.2.2
· When NMAX is configured to be X, the UE is RRC-configured for L1-RSRP measurement with up to X PCIs different from the serving cell PCI 
· Additional restriction may be added by RAN4
· FFS: UE measurement behaviour when SSBs associated with different PCIs overlap, including whether this is up to UE capability 

The related agreement made in AI 8.1.2.2 (inter-cell mTRP) during RAN1 #106-e is provided as follows.

Agreement
Rel. 17 inter-cell MTRP, the maximum number of additional RRC -configured PCIs per CC is denoted X and can be reported as a UE capability
· For the report value of X, multiple candidate values including 1 is supported. 
· FFS: Which values to support other than 1. 
· Values larger than 7 are precluded
· RAN1 needs to agree on value(s) of X other than 1
· Down-select one of the following alternatives:
· Alt 1: A single value of X is reported as UE capability for any possible SSB time domain position and periodicity
· Alt 3: At least Two independent X values (X1, X2) are reported as a UE capability for at least two different assumptions on SSB time domain position and periodicity with respect to serving cell SSB 
· The serving cell PCI is always associated with active TCI states, only 1 additional PCI can be associated with the active TCI States

For AI 8.1.2.2, i.e., inter-cell mTRP operation, only one additional PCI different from the serving cell PCI can be associated with active TCI state(s) per CC. The related agreement made in RAN1 #104b-e is copied below.

Agreement
· For intercell MTRP operation, 1 additional PCI different from the serving cell PCI is supported per CC
· The additional PCI is the one associated with one or more TCI states that are activated for [CSI-RS for CSI]/PDSCH/PDCCH, per CC.
· Applicable at least for non-cross carrier QCL indication
· FFS: Cross carrier scheduling QCL indication
· RAN1 to decide on the maximum number of PCIs different from the serving cell PCI per CC and/or across all CCs that can be RRC-configured for multi-DCI based inter-cell multi-TRP
· Above should be specified by reusing R15 QCL rules as concluded in RAN1#104-e

For AI 8.1.2.2, the following agreement has been taken during RAN1 #106b-e:
Agreement:
Support two independent X values (X1, X2) are reported as a UE capability for two different assumptions on additional SSB time domain position and periodicity with respect to serving cell SSB.
· X1 (Case 1)= The maximum number of configured additional PCIs when each configuration of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI
· X2 (Case 2)= The maximum number of configured additional PCIs when the configurations of SSB time domain positions and periodicity of the additional PCIs is not according to Case 1
· Note: By definition, Case 1 and Case 2 cannot be enabled simultaneously
· Supported values for X1 and X2 include at least 0,1,2,3 and 7. FFS on other values
· This UE capability has FR1 and FR2 differentiation (FFS : Whether this UE capability is per UE or per band)


e) PCell/PSCell/SCell: Is the inter-cell beam management applicable to any serving cell (i.e. PCell/PSCell/SCell)? That is, can intercell beam management or intercell mTRP be configured for SCell and/or PSCell in addition to PCell?

Answer 2.e: inter-cell beam management and inter-cell mTRP can be applicable to any serving cell (i.e. PCell/PSCell/SCell).

f) TCI switching signalling: Which signalling should be used for TCI switching for inter-cell beam management?

Answer 2.f: Inter-cell beam management is going to use Rel-17 unified TCI signaling where RAN1 agreed that a MAC-CE activates one or multiple TCI states out of RRC configured TCI state pool. If multiple TCI states are activated, DCI selects one TCI state among activated ones. If only one TCI state is activated, the activated TCI state is also implicitly selected without further DCI indication.

h) Simultaneous Tx/Rx from and to “serving cell TRP” and “TRP with different PCI”: Is it correct understanding that such simultaneous Tx/Rx is not supported for “inter-cell beam management”, but is supported for “inter-cell mTRP”? If so, what is the difference regarding their configuration that needs to be introduced by RAN2?

Answer 2.h: It is correct understanding that simultaneous Rx in DL is not supported for inter-cell BM but supported for inter-cell mTRP, while simultaneous Tx in UL is not supported for both. From configuration perspective, regarding the last question, inter-cell BM will be supported based on the unified TCI framework to be introduced in Rel-17 so relevant Rel-17 TCI configuration parameters will be required to enable this feature. Meanwhile inter-cell mTRP feature is to extend Rel-16 multi-DCI mTRP functionality to TRPs with different PCI so that its configuration parameters will be same or similar to those defined for Rel-16 multi-DCI mTRP operation. 

Question 3: RAN2 would like to understand the impacts to MAC operation, in particular:
a) Timing advance: Is it assumed that TA is the same for both serving cell TRP and TRP with different PCI, or does UE maintain different TAs for each? 

Answer 3.a: In Rel 17 it is assumed that that a single TA is maintained by the UE for inter-cell beam management. The case of multiple TAs was discussed by RAN1 but no consensus has been reached.

b) RACH: Are there any impacts to RACH operation with inter-cell beam management? That is, is it necessary to perform RACH toward TRP with different PCI e.g. for TA, BFR, etc?

Answer 3.b: Currently, RAN1 has not identified anyThere is no impact on RACH operation, i.e., RACH transmission should be performed by the UE using the serving cell configuration. 


c) UL PC/PHR: When UE is configured for TRP with different PCI for a cell with UL, is there an impact to UL power control or PHR?

Answer 3.c: For inter-cell mTRP operation with different PCI, no impact on power control and PHR beyond what is needed to support Rel-16 defined intra-cell multi-DCI based multi-TRP operation. 
For inter-cell BM operation, there are no specific changes to enhance power control or PHR reporting compared to intra-cell BM operation.

Question 4: How does the HARQ operation work with the multi-beam operation? In particular:
a) HARQ entity: Is there a single HARQ entity handling both the serving cell TRP and TRP with different PCI?

Answer 4.a: RAN1 assumes a single HARQ entity is used for both the serving cell TRP and TRP with different PCI.

b) HARQ retransmissions: Can retransmission occur from different TRP than initial transmission for the same HARQ process? E.g. can initial transmission be done from serving cell TRP and retransmission from TRP with different PCI?

Answer 4.b: Due to assumption on the same HARQ entity, it is possible to have initial transmission and re-transmission originating from TRPs with different PCIDs.

Question 5: Does the TRP with different PCI have an independent physical layer configuration, e.g. for PUSCH/PDSCH/PDCCH/PUCCH and PRACH? 

Answer 5: There is only one physical layer configuration and that is applied to all the PUSCH/PUCCH/PDSCH/PDCCH associated with TCI state that is associated with either serving cell PCI or another different PCI. Regarding the PRACH transmission, RAN1 has not discussed configuration of PRACH for a TRP with different PCI.

a) Configuration differences: Does RAN1 assume that only certain parameters can be different from the serving cell and if so, which ones? 

Answer 5.a: RAN1 has not discussed or concluded to provide configuration parameter(s) for TRP with different PCI.

b) Configuration of inter-cell beam management measurements and reporting: Which RRC configuration(s) need to be provided for inter-cell beam measurement and reporting? ‎ 

Answer 5.b: RAN1 just started RRC parameter discussion and will send a separate LS for an initial outcome of the RRC parameter list after RAN1#106bis-e meeting.

c) Feature differences: Are the RRC parameters/configurations different for inter-cell mTRP and inter-cell beam management? 

Answer 5.c: Inter-cell beam management uses the unified TCI framework, inter-cell mTRP uses the legacy Rel-15/Rel-16 TCI framework. RRC parameters for configuring each of these frameworks are different. Further details on RRC configurations will be included in the RRC parameter list.




2. Actions:
To: RAN2
ACTION: RAN1 respectfully asks RAN2 to take the above information into account for future work. 

3. Date of Next TSG-RAN WG1 Meetings:
TSG RAN WG1   Meeting #107-e               Nov. 11 – 19, 2021           Online
TSG RAN WG1   Meeting #107b-e               Jan. 17 – 25, 2022           Online




